ABSTRACT One hundred and twenty-five men who were identified in 1968 as having the simple pneumoconiosis of coalworkers were re-examined nine years later when their mean age was 59-6 years. On both occasions the lung function and response to exercise were assessed. There was no evidence for progression of simple pneumoconiosis between the surveys, but 14 had developed small irregular opacities on their chest radiographs and 28 showed early changes of progressive massive fibrosis (PMF). After allowing for the effects of smoking and of exposure to coal dust, subjects with both p and r types of simple pneumoconiosis exhibited a reduced transfer factor compared with subjects having q-type opacities; subjects with r-type opacities also showed an increased pulmonary elastic recoil pressure. The presence of irregular opacities, independent of rounded opacities, was associated with a low transfer factor and decreased slope of phase III of the single breath oxygen test. Subjects who developed PMF between 1968 and 1977 had p or r opacities more often than q opacities: these subjects had an increased pulmonary elastic recoil pressure. The development of PMF was also associated with physiological evidence of airways obstruction. The changes in subjects with r opacities are consistent with the presence of space occupying lesions that may progress to PMF. Subjects with p opacities have physiological evidence of emphysema as do some subjects with established PMF. Irregular opacities may reflect the presence of both emphysema and diffuse fibrosis. There is need for more morbid anatomical evidence on the underlying pathology. Accepted 20 January 1981 function in subjects with type "A" large opacities.4
Previous studies of simple pneumoconiosis of coalworkersl 2 have shown that the pulmonary function reflects the type of radiographic opacity; subjects with pinhead (p) opacities have a lower gas transfer capability than subjects with micronodular (m or q) or nodular (n or r) opacities.3 This may result from focal emphysema or interstitial fibrosis associated with cystic or honeycomb change developing in subjects with p opacities.1 No other relationship between radiographic type of simple pneumoconiosis and pulmonary function has been found consistently. It has not even been possible to show abnormality for conventional tests of pulmonary function in subjects with type "A" large opacities.4
To investigate further the relation between type of radiographic opacity and pulmonary function, we have followed up a group of subjects first studied in 19681 after a nine year interval. This paper documents the longitudinal changes in pulmonary function and radiographic appearance and looks for functional evidence of differences in pulmonary pathology between radiographic types. The factors contributing to the clinical grade of breathlessness in the same subjects is reported elsewhere.5
Subjects
In 1968 150 subjects were identified as having simple coalworkers' pneumoconiosis after routine chest radiography by the National Coal Board; 125 of them participated in a study of the relationship between radiographic type and pulmonary function. Of the 77 subjects with the greatest profusion of small opacities, the 41 with predominantly p opacities had a lower transfer factor per unit alveolar volume and a 313 more compliant lung than the 36 subjects with predominantly micronodular (m or q) or nodular (n or r) opacities.' In 1977 all 125 subjects were traced; 10 had died and 1 5 were invited to participate in a follow-up study. Four subjects refused to take part, 22 agreed only to answer the respiratory questionnaire and perform spirometry at home, and 89 attended at the pneumoconiosis unit for detailed studies. Some were considered unfit and some refused to participate in particular tests: the number of participants is indicated in the tables of results. Satisfactory chest radiographs were obtained for 87 subjects. Of the 10 men who died between the two surveys, one died from malignant disease and one from trauma. The other deaths were equally divided between cardiovascular and respiratory causes.
Methods

QUESTIONNAIRE
The British Medical Research Council questionnaire on respiratory symptoms and smoking habits and a full occupational history was completed by all participants. Grading of breathlessness and of bronchitis was according to the BMRC instruction booklet.6 PULMONARY FUNCTION Forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and maximal expiratory flow volume (MEFV) curves were performed on a digital bellows spirometer.7
Total lung capacity (TLC), vital capcity (VC), and residual volume (RV) were measured by the closed circuit helium dilution method. Transfer factor for the lung for carbon monoxide (Tl), multiple breath helium dilution alveolar volumes (VA), and transfer coefficient (Kco = Tl/VA) were measured by the method of Ogilvie et at8 on a Resparameter Mark IV (PK Morgan). Diffusing capacity of the pulmonary alveolar membrane (DM) and capillary blood volume (Vc)9 were calculated by estimating TI after breathing 100%02.4
Thoracic gas volume and airways resistance (Raw) by the panting technique'0 were measured in a constant volume body plethysmograph" to derive specific airway conductance (sGaw).
Transpulmonary pressure was measured using a 10 cm latex balloon of circumference 3 5 cm containing 0-4 ml of air and connected to a Mercury pressure transducer (PM6) by a 100 cm polyethylene tube (id 1 mm) using the technique of Milic-Emili et al. ' The profusions of small rounded and irregular opacities3 were read for 1978 and re-read for 1968 by one expert observer who had not seen the films previously. The films were read side by side.
STATISTICAL PROCEDURES
The association between pulmonary function and various radiological changes such as size and shape of small opacities was examined by multiple regression analysis'9 using the GENSTAT computer program20 to allow for any differences in age, height, and smoking habits between radiographically determined groups. For showing no significant correlation between size and shape. Then two additional dummy variables were added to the above model. These were dump = 1 if subject has p-type opacities and dumr = 1 if the subject has r-type opacities, and both are zero elsewhere. The significance of the irregular opacities was not materially changed by the addition of these two variables, and similarly the significance of the size parameter was not changed compared with the model that contained dump and dumr but not irreg.
Results
RADIOGRAPHIC APPEARANCES
For subjects followed up in 1978 there was no radiographic progression of profusion of simple pneumoconiosis since 1969 (table 1) . Fourteen men were found to have developed irregular opacities (table 2) . Twelve developed ill-defined large opacities and 16 progressed mainly from ill-defined to well-defined The present results show the expected increased airway obstruction in smokers4 and of FVC in proportion to exposure to coal dust.22 The exsmokers also had impaired lung function, which may have contributed to their stopping smoking. These associations as well as those with age, stature, and bronchitis were taken into account when considering the relationship of lung function to radiographic category.
The finding that among men with simple pneumoconiosis those with p-type opacities had a lower Tl and Kco and a tendency towards a higher compliance compared with men having q opacities is consistent with the earlier studies.1 23 The exercise ventilation was also rather higher than in the q cases, but unlike in a previous investigation24 this difference was not significant. In addition, compared with 1969 and after allowing for the systematic difference in recoil pressure between the two surveys, the results of the follow-up study showed a significantly greater decline in recoil pressure in the p cases. The previous result was interpreted as evidence for focal emphysema and the present findings are consistent with this view. There is an urgent need for information on the morbid anatomy of the lung in these cases; a procedure for its collection has been set up and material is now accumulating.
Among men with r opacities the reduced Kco associated with an increase in recoil pressure and a tendency towards a reduction in lung compliance is evidence that the lung function is more affected by the occupational exposure than in men with q opacities. The pattern and extent of abnormality is suggestive of mild diffuse fibrosis or space occupying lesions. The absence of changes in exercise ventilation or in total lung capacity militate against the abnormality being of functional significance. Its presence, however, suggests that the different radiographic abnormalities of simple pneumoconiosis reflect underlying structural differences which, at the extremes, range from very small to largish nodules of accumulated dust and from diffuse focal emphysema to diffuse fibrosis. These abnormalities to some extent coexist and their physiological features overlap. Thus the differences that have been observed may be of greater consequence than their small magnitude would suggest; they may also reflect in part the initial condition of the lung. In addition they are associated with different propensities for developing PMF. The explanation of this finding requires a greater understanding of the mechanism of development of PMF than is at present available. It will need to take into account that while the attack rates differed between the radiographic types of simple pneumoconiosis the distribution of types among the subjects with PMF was similar to that for men with simple pneumoconiosis. The present study confirms the absence of physiological abnormality in men with A shadows other than that associated with small opacities.4 Among those with B and C opacities in 1978 there was a significant degree of airway narrowing, which in 1969 also extended to those who subsequently developed large opacities between the two surveys. The presence of large opacities was associated with changes in lung elasticity including an increased recoil pressure (1969) and reduced lung compliance (1978); the transfer factor was somewhat reduced. The latter features are consistent with loss of lung tissue secondary to the development of space occupying lesions; the former may reflect an associated distortion and narrowing of the airways preceding the respiratory symptoms that are a feature of the established condition.
Men with irregular opacities were older and taller than the others. After allowing for this and for changes in lung function associated with pneumoconiosis and smoking they had a reduced transfer factor and Kco. This finding, which is evidence for loss of functional lung tissue, was predicted in the earlier study' where it was noted that the reduction in transfer factor with p-type simple pneumoconiosis observed by Billiet and colleagues was greater than for the present subjects; the two studies differed in that the formerincluded men whoseradiographs were read as having profuse irregular opacities-whereas the presence of extensive irregularities was an indication for exclusion from entry to the present investigation. In addition, in the Belgian study the irregular opacities appeared to be more prevalent among men with p-type opacities. This association was not observed in the present study. Nor was there interaction between irregular opacities and smoking leading to increased airways obstruction as observed by Amandos et al. 25 The decreased nitrogen index in those with irregular opacities may be due to diffuse fibrosis widening the small lung airways. However, there were no clear-cut parallel changes in total lung capacity, compliance, recoil pressure, and upstream resistance, which suggests the presence of additional emphysema and is consistent with a recent preliminary study of the underlying pathology.26 There is need for more information before the status of irregular opacities can be established with certainty.
We are indebted to many colleagues at the MRC Pneumoconiosis Unit for their help in this study including in particular Dr J C Gilson, who read the chest radiographs taken by Miss periods if anything but gross effects are to be shown to be statistically significant, while Fletcher et a14 have discussed a wide range of factors that can cause such analyses to be misleading. Nevertheless, had a pronounced dose-effect relationship been observed for these 70 men over the period of four years it could have been regarded as the first indication of a chronic pulmonary problem.
In practice, the differences observed among the various exposure, smoking, and atopic categories are so small, by comparison with the variability in the data, as to make any interpretation extremely premature.
The overall mean rate of loss of FEV1 for the 70 men, 46 ml/year, is in line with published figures for studies inclusive of smokers, and the mean loss rate for gas transfer factor is close to its predicted value. The mean rate of loss of FVC, 76 ml/year, is high but, if it is correlated with anything, it is with smoking habits rather than with exposure category or atopic status.
Probably symptoms are produced as a reaction to exposure to the lipopolysaccharide (endotoxin). It has been shown experimentally in animals that Pruteen is capable of activating complement by the alternative pathway, but attempts to show C3 conversion in exposed men have so far been unsuccessful. Attempts to reproduce the eye symptoms in rabbits or guinea-pigs by exposure to direct contact with the dust have also been unsuccessful (G E Davies, personal communication).
Mayes
The results have shown that Pruteen can be produced and handled without adverse effects on health, provided that adequate measures are taken to prevent exposure to high concentrations of dust. 
